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Application No . 09/8 99, 8 15 
Amdt. dated March 25, 2004 
Reply to Office Action of June 25, 2003 

Docket No. 1510-1030 

REMARKS 

At the outset, applicants would like to thank Examiner 
Chernyshev and Primary Examiner Ulm for their time and 
consideration of the present application at the interview of 
October 21, 2003. At the . interview, the issues raised in the 
outstanding Official Action were discussed. 

Claims 24, 27, 32-33, and 39-45 are pending in the 
present application. Claims 8-15, 25, 26, 28-31, and 34-38 have 
been canceled without prejudice and may be the subject of a 
divisional application. Claims 24, 27, and 32-33 have been 
amended to more particularly point out and distinctly claim the 
present invention. New claims. 39-45 have been added to vary the 
scope of the claimed invention. Support for new claims 39-43 may 
be found in the original claims and in the present specification 
at page 5, lines 28-30; page 6, lines 1-6; and page 6, lines 6- 
15 . 

In the outstanding Official Action, claims 24, 27, and 
28 were rejected for reciting the term "non-wildtype" . Claims 24 
and 27 have been amended to recite "non-wild type''. As noted 
above, claim 28 has been canceled. Support for the term "non- 
wild type" may be found in the present specification beginning on 
page 1. The original claims also recite this term. Thus, it is 



6 



Application No . 09/899, 815 
Amdt. dated March 25, 2004 
Reply 'to Office Action of June 25, 2003 

Docket No. 1510-1030 

believed that claims 24 and 27 have been amended to satisfy the 
objections of the Official Action. 

Claim 26 was rejected under 35 USC 112, first 
paragraph, as allegedly failing to comply with the written 
description requirement. It is believed that this rejection has 
been obviated by the present amendment. 

In imposing the rejection, the Official Action alleged 
that the present specification did not support the recitation to 
an "active fragment" of an Ap peptide. 

As noted above, claim 26 has been canceled. Moreover, 
the claims no longer recite the term "active fragment" of Ap 
peptide. Thus, applicants believe that claims 24, 27, 32-33 and 
39-45 are supported by the present disclosure. 

In the outstanding Official Action, claims 24-38 were 
rejected under 35 USC 112, second paragraph, as allegedly being 
indefinite. This rejection is respectfully traversed. 

The outstanding Official Action rejected the claims for 
reciting the terms "non-wildtype" , "protofibril", and "'fibril". 
As noted above, the claims have been amended to recite a "non- 
wild type" protofibril. This term is recited in the 
specification and original claims. Moreover, applicants believe 
that this term is clearly understood by one of ordinary skill in 
the art. Indeed, applicants believe that one of ordinary skill 
in the art would also find the terms "protofibril" and "fibril" 
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definite. The Examiner's attention is directed to the WALSH et 
al. article attached to this amendment. The article also recites 
this terminology. Thus, it is believed that the claimed 
invention is definite to one of ordinary skill in the art. 

In the outstanding Official Action, claims 24-38 were 
rejected under 35 USC 102(b) as allegedly being anticipated by 
SCHENK et al. This rejection is respectfully traversed. 

Applicants believe that SCHENK et al . fail to disclose 
or suggest the arctic mutation of the claimed invention. In 
fact, SCHENK et al . do not even mention the Ap-arc peptide of the 
claimed invention. 

Moreover, as noted at the interview, the Applicant 
respectfully submits that the SCHENK publication describes a 
method for the preparation of "aggregated A|3 peptides" (WO 
99/27944, page 50, lines 6-35) . According to this method, 
insoluble fibrils are formed that are distinct from protofibrils. 
In particular, the fibrils exhibit distinct solubility profiles. 

In addition, the SCHENK et al . publication is directed 
to insoluble AP fibrils. In support of this assertion, the 
Examiner's attention is respectfully directed to page 50, lines 
7-20, wherein the SCHENK et al . publication discusses these 
insoluble (precipitated) Ap fibrils. 

Thus, while SCHENK et al . may teach the use of amyloid 
beta peptide (AP) to treat Alzheimer's disease, the vaccine 
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disclosed by SCHENK et al . utilize aggregated forms (fibrils) of 
wild type Ap peptides as antigens. They are capable of 
generating an immune response against fibrils (a component of 
amyloid plaques) in the brain of a patient suffering from 
Alzheimer's disease. As SCHENK et al . fail to disclose or even 
suggest stable protofibrils, it is believed that SCHENK et al. 
fail to anticipate or render obvious the claimed invention. 

Applicants would like to thank Examiner Chernyshev and 
Primary Examiner Ulm for their suggestion as how to overcome this 
rejection. Indeed, as suggested at the interview by Examiner 
Chernyshev and Primary Examiner Ulm, amended claim 24 recites a 
method for the prevention or treatment of Alzheimer's disease in 
a subject having or suspected of having Alzheimer's disease, 
comprising administering to the subject a therapeutically 
effective amount of a non-wild type protofibril, wherein the non- 
wild type protofibril comprises SEQ ID NO : 1 . Applicants 
appreciate the suggestion set forth at the interview and believe 
that claim 24 is allowable. 

The Examiner's attention is also directed to new claims 
39-45. Independent claim 39 is directed to a method for the 
prevention or treatment of Alzheimer's disease. The protofibril 
of claim 39 comprises the peptide selected from the group 
consisting of Ap39-Arc (Amino Acids 1-39 of SEQ ID NO : 1 ) , Ap40- 
Arc (Amino Acids 1-40 of SEQ ID N0:1) and Ap42-Arc (SEQ ID N0:1). 
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Support for claim 39 and dependent claim 40 may be found in the 
present specification at page 1, lines 14-16; page 3, lines 1-11; 
page 5, lines 20-22; page 6, lines 1-5; and generally throughout 
the specification. SCHENK et al . fail to disclose -or suggest the 
arctic mutation. As a result, it is believed that claim 39 is 
also allowable. As claim 40 is also dependent on claim 39, 
applicants believe that claim 40 is also allowable. 

As to independent claim 41, claim 41 recites a method 
for the prevention or treatment of Alzheimer's disease in a 
subject having or suspected of having Alzheimer's disease, 
administering to the subject a therapeutically effective amount 
of a non-wild type protofibril, wherein the protofibril comprises 
a mutated Ap peptide comprising the mutation GIU22 — Gly22 - Claim 
42 is dependent on claim 41. Support for claims 41 and 42 may be 
found in the present specification at page 6, lines 6-10, and 
page 9, lines 8-20. Applicants believe that claims 41 and 42 are 
allowable for the reasons noted above. SCHENK et al. do not 
teach or suggest the arctic mutation. 

Claims 27, 32, and 44-45 are directed to a method for 
prevention and treatment of Alzheimer's disease, wherein a 
therapeutically effective antibody is administered to the 
subject. Support for claims 27, 32, and 44-45 may be found in 
the present specification at page 7, lines 15 through page 8, 
line 24. 
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At this time, applicants would like to clarify the 
Interview Summary of October 21, 2003. While the Interview 
Summary recommends limiting the claims to the use of antibodies 
that bind protofibrils of Arc A^ to the exclusion of wild type 
Ap, applicants note that the present invention is actually 
directed to antibodies which have properties that are identical 
to antibodies raised against Ap-Arc peptides in a protofibril 
confirmation. While SCHENK et al. may teach a method of treating 
Alzheimer's patients with the administration of an antibody to an 
Ap peptide, SCHENK et al . fail to disclose or suggest antibodies 
raised against an Ap-Arc peptide in a protofibril confirmation. 
Indeed, SCHENK et al . teach that the antibodies specifically bind 
at Ap peptide {see SCHENK et al . , page 17, lines 35-39). 

Thus, in view of the above, it is believed that SCHENK 
et al. fail to anticipate or render obvious claims 24, 27, 32, 
33, and 39-45. 

At this time, applicants would also like to present the 
article by FORSELL et al . At the interview. Examiner Chernyshev 
and Primary Examiner Ulm asked that this article be submitted. 
The article is directed to an amyloid precursor protein mutation 
at codon 713 (Ala ^ Val) . Thus, the article does not pertain to 
the arctic mutation of the present invention. Applicants also 
note that this reference was provided with the Information 
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Disclosure Statement submitted on March 12, 2002 and has already 
been considered by the Patent Office. 

In view of the present amendment and the foregoing 
remarks, therefore, it is believed that this application is now 
in condition for allowance, with claims 24, 27, 32-33, and 39-45, 
as presented. Allowance and passage to issue on that basis are 
accordingly respectfully requested . 

The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 25-0120 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

An RCE is being filed concurrently with this amendment. 
Respectfully submitted, 
YOUNG & THOMPSON 



Philip A.' DuBois, Reg. No. 50, 696 
745 South 23"^"^ Street 
Arlington, VA 22202 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
(703) 979-4709 

PD/mj r 

March 25, 2004 
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APPENDIX : 

The Appendix includes the following item(s) : 

- WALSH et al. "Amyloid p-Protein Fibrillogenesis'' 

- FORSELL et al . "Amyloid precursor protein mutation at codon 
713 (Ala -> Val) does not cause schizophrenia: non-pathogenic 
variant found at codon 705 (silent)'' 
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Amyloid jS-Protein Fibrillogenesis 

DETECTION Or A PROTOFIBRILLAR INTEHMBDIATE* 

fReceiveel for publication, April 21, 1997. and to revlnd form, Juna la, 19B7) 

Engine^. Mas^^ of^SJ^it^^^ C«.e./ar^a^.«^ 5c«r„ce 



Hhrillogfineal* of the azpyloid ^.Il^ote^a CA^) ia a sem- 
• i?*^.^"*®'** ^ Alahedmer'B diseaae. Inhibit, 

mg fibriUogeneBis is thiu one approach toward diseaae 
therapy. RaUonal design of flbriUogBneslfl InMbltors re- 
quires ehiaidatiaii irf the stages and kinetics of fibril, 
lo^enesis. We report results of studies deoignod to eacam. 
i»e t he Injlial rt^es of . AiSLj digomerizatlon. S i«B 
exolu^on obromatoKniphy, quasielastic Uikt soatterbig 
speotrosoopy, and electron microscopy were used to 
characterize fibriUogBaesds intermediates. After disso- 
lution in 0,1 u Tria-HCl, pH 7A, and removal of pre- 
existent seeds, A^ (shramatographed almost exclusively 
as a sin^ peak. The molecules oomposinfl- the peak had 
average hydrodynamic radii of 1.8 ± 0.2 nm, consistent 
with the predicted sise of dimoric Afi. Over time, an 
additional peak, with a moko^arweight > 100,000, ap. 
i P y""^ ™" '^"H preasfflK kitU^ 
^ briU i fi- >aaffi in diameto and < ! W nnii m Igngth fwKiah 
w6 have termed ' ^otoflbrUB L'^ The kiiieti 
bril format loo andliisappearance ar* consistent with 
protclibrils l>eing intermediates in the evolution of amy- 
loid fibers. Protofifarlls appearad during tlie polymeri- 
sation of A^.(i-40>, A0-(l-42), and Ap-a-40)-Glii"^. pep- 
tides associated with hoth sporadic and inherited forms 
of A lihei mc af^a'disease, suggesting that protofUbril foi^ 
mation may be a ganend phenomenon in A/3 fibrilla;gen- 
esis. If so, xtrotoObrils could be attractive targets for 
fibriHogenesis InhihitoraL 



FlbriUar amyloid plaques in iha cerebral parenchyma and 
vasculature are a oardinaJ nsuropathoaogie faatuze of Alzhei* 
mar's dissase (AD)^ (IX Plaques are ooxupoBod predominantly 
of insoluble fibers of the amjioid ^-protein CA^) (2). A^ ia a 
normal rompnmen t of the plasma and oerebraepinal fluid, oc- 
curring as a solul^e 40- or 42-resIdue peptide (3, 4). Thus, a 
central question in the etiology of AD is the mechamsm(s) by 
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which these soluble molecules are converted into plaque- 
associated fibers (5). This question is particularly relevant 
because A^ fibers, urOlke nonfihrillar Aft are neurotoxic in 
vitro and are associated with damaged neuiopa in vioo (6). 
These obsBrvations suggest that inhibiting fiber formation 
would be an eflGsctivB approach toward AD therapy. However, if 
these effoirtfi are to succeed, fiber formation must be understood 
at the molecular level 

Afi fibrilbgeaeais is a nudeation<lepBndont polymetleatian 
procesa (7, 8). The kmetics of this type of process is coatroUed 
by two ksy parameters, nudeation rate and elongation rate. 
Past studies of the kinetics of A^ fibriUogeneais, utiUiing tech- 
niques including turbidity, sedimentation, and thioflavine T 
binding, could only provide information on the appearance of 
high molecular weight aggregates (7, fi) or the disappearance of 
soluble peptide (10-13). Neither rate constants nor structures 
of fibrillogenesis intermediates could be datormined by these 
approaches. In contrast, the technique of quasielastic light 
scattering spectroscopy (QLS) is particularly well suited for 
resolving Individual stages of polymerisatioii processes and ibr 
examining polymerization kiaelica (14), QLS was used initialiy 
to monitor late stages of Ap fibriUogenesis (15, 16). Recentbr, 
however, a modal system was devebped for the highly »pn>- 
dueiUe growth of A^ fibers (8). This aU(wed QLS monitoring of 
polymer size during all phases of fibrillogenesis and determi- 
nation of the rates of A0 fibril nudeation and elongation (8). 

The QLS approach ia lass useful for studying smaU struc* 
tures, such as Afi monomers and oligomsni, when tiiey eodst in 
mixtures with larger polymers. Because these pi«fibrlUar in- 
termediates are potential targets for fibrlUogftnesis inhibitors, 
it ia important to characterise them. One method fi»- doing so is 
SDS-PAGE (17-20). However, since many A^ polymers are 
SDS-labile, interpreting SDS-PAOE studies of AjB polymeriaa- 
tion is problematic Sire exclusion chromatography (SEC) ia an 
attractive alternative to SDS-PAGE because it fi^ctJonotes on 
the basis of molecular weight and is performed using noodena- 
toring and nondisaggregsting buflfers. SEC has been used to 
study the aggregation state of A^ in solution (20-23), but its 
potential in kinetic studies has not been exploited, We report 
hare the use of SEC, coupled with QLS and electron mioroB- 
copy, to characterize the temporal evolution and structures 
of oligomeric intermediaries in the pathway of AjS 
fibrillogenesis. 

EXPERIMEHTAL PRO CE DUKES 
CkemicaU and Sclvent9 
Chamioala were obtained from GUsma and, unloas otfaorwiaa atofced 
ware or tha bighmt purity available. Solvonta wera HPLC erado and' 
wen, obtainad from Ftsher. Wotar was double-dlatiUed and dakmisad 
using a MIIli-Q aystem (MUlipore Corp., Bodfwd, MA), 



Thb paper b svaDabfe on line b( litlfK//WwM.Jbcari 



3 



1 7 SEP 2003 1 1:09 



t.^l_LERFORS HNBLR 



08- . J62799 



p. 4 



Amyloid ^Protein FibrillogEnesis 



Peptides 

PeptidBB were syntheBlKd as described hy Lomakiix et of. (8). Crude 
A3-C1-40) was purified by reverse pfaaee HPLC using a Vydac phenyl 
column (22 X 250 mm) and a linear gradient of 28^« B over 60 miu 
(A: 0.1% (v/vj trmuoraaceUc acid; B: 709E. (v/v) acetonitrDe (CHaCJN) 
0.09% (t/v) trifluoroacetic add) at a flow rate of 20 nJ/mln, Afi-(l-42) 
was purifiad using a PLHP-fl column (26 x 150 mm) and a linear 
gradient of 20-60% B cfver 80 miaCA; 60mia Tris-HCI, pH 9.1; B: 50 nuf 
3Hfl-Ha pH 9.1. eontaininff 64% (v/v) CH.O^ and 6% (v/v) 2-propanol> 
at a flow rate of Ifi ml/min (24). PoUowlng purification, AjS<l-42) was 
dlalysed a^ainat 0.16 m ammoniimL hydroodjifi in 40% <v^) CH»GN, 
lyophilised, and converted to Ita trifluoroacetic acid salt by disaolution 
in 100% trifluaroaootic acid. Peptide mass, porily, and quantity were 
detennioed by a oombinaticm of matnx-aesisted laser dosorptianAoni- 
zation timo-af-flight maw apectrometry, analytical HPLC, and quanti- 
tative amino acid analysis, reapecUvBly. Purified peptides were ali- 
quoted, lyopihilired, and stored at "20 'C until used. A^40-l) was 
generously pironrided hy Dr. Dennis Selkoe (Brigham & Women's Hos- 
pital and Harvard Medical Sabool). 

SEC 

Coktmns andBufflsra^A doscripUoa of oahumifl and biiiFere iB fonnd 
in Table L Superdeic, Superose and TSE cohinuu were attaclied to a 
Rainin HPLC STstom cnnmwtiTig of a HFKL pump, a Bheodyne 7161 
injector, and a Pynaoiax tTV-l detector. CJolumns were eluted at a flow 
rate of 0.5 ml/min and peptides detected by UV absorbanoe at £54 am. 
Sepbadex G-50 (ruperfine) media were prepared using eltiier 1 x 30 cm 
or 1 X 60 cm boroailicate Econo-columna (Bio-Bad, Hercules, CA) and 
eluted at 0.17 ml/nun using an 1KB Microperpeot fi periataltic pomp, 
Peptides ware detected by UV absorbance at 254 mn uain^ a Pliarmacia 
UV-1 single path monitor. Bach experiman.t was peribnned at least two 
times. Pre-packed columns were washed with 60% (v/Sr) formic add 
between exparimenfce. Scphadex columns were prepared from fresh 
resin prior to each experiment. 

Sample Pn^xzrution^OO mB of AMl-40) were dissolved in 200 /il of 
water and then vmlajted briefly. 200 fd of 2 X buffer wbib then added, 
and tlw sample was vortexed again. Following contrifugatloii (17,000 X 
g, S min), 100 fiX of the supernatant was chrnnati^apibed. For kinetic 
analyses, samplse were inrubated at room temp e ra tur e for vaiious 
periods prior to eentrifugatloa. Far quaaieLastie Hghi ecattering spez- 
tcMCOpy^ electa^ tnicroscapy, and gel electrophoresis, A3m~40) was 
dissolved at a eoncentratioo of 2 m^ml (0.46 oim), incubated at room 
temperature for 4fi h, and then chrooiatDgraphed as above. Similarly, 
A^<l-40)-ain'» and A^l-42) were dissolved at concentrationa of 1 
me^ (0.28 and 0.22 xnM, reapeetively) and incubated at room tempar- 
ature for 6 h, and then SOO ptl of each were chromatogrBphed as above. 
Peak f^tions of E0-20D-rii volume were ooUected azLd analyzed. 

Preparation of *Seediu(* Disaggx^UoEn experiments 

were performed by diasolving 800 fig of A^<l-40) In 160 of 
l,l,l,3^^-hexafluoro-2-pro pano l (HFIP) and 4T»rn^^t^T|p ^t Tomn tem- 
perature for 10 min. The HFEP was removed by ovaporatioo under a 
gentle vtroon of airgon, ieating a slightly yellow Him that was reauo- 
pended in 80 of dboetl^yl sulfoodde (Mb^SO) and eanieated fbr SO min. 
The sdutian was then filtered tlmmgh an Anotop 10 Flue Alter (20 nm, 
Whatman Inc., Clifton, KJ) and diluted 1:9 (v/v) with 0.1 u Tris-BO, pB 
7.4, caataining a02% (wAr) sodium aside (TriB buffer). After centnfu- 
gation (17,000 Xff,S min), LOO ^ of supamaiimt were Iqjected onto a 
Superdex 76 oolnrrm, The remakider of the solution was Incubated at 
room temperature and sampled at 1, 4, B, and 24 h. 

Radiatruw Exptriments — To search for low abundance intermedi- 
ates, radioiodtnated A^-(l-40) (^"I-A^, -2000 Cl/mmol) was prepared 
according to Maggio et at (26) at a final DoncentrBtio& oflOO pu in Trii 
buffer containing 0.6% (v/v) Me^SO. After Incubation at room temper- 
ature for 0, 8, or 24 h, samples were eentrifuged (17,000 Xf, 3 min], and 
100->tl aliquots were lAjected onto a Superdex 76 column, 0.6-ml frac- 
tions were collected, and their radioactivity was determined by scintil- 
lation eountii)«. To exam inn the effect of varying A^ conceatration, 3 fd 
of appropriately diluted A^-(l-40) were added to 697 of Ttis buffer 
containing XOO pM ^-Afi, to jiald final A^ concentratlonB of 1 X 10""*, 
1 X lO-', 1 X lO-**, 1 X l©-*, and 2.8 X 10"* m. Samples were then 
incubated and. analyzed aa above. 

Radioimmunoassay <JUA) of Column Fraction*— A BIA procedure 
was used to detect trac e lerel a of ohgonLeric OfarU intermediates. A^ 
Cl-40) was disaolved in. HTZP, lyophilized, diasdved to a eultahle con- 
centratiott in Me^SO, and then diluted 1:200 (v/v) with 0.1 m Iris bufTer, 
Final A^ ooncentradons were 1 x 10"\ 1 X 10 "• 1 X 10~*, and I x 
10"* H. SampLoe were then incubated and chromatographed as In the 
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radlortracax experiments. Rractiona wore froEcn at "20 'C until aaaoyed. 
A^-<l-40) content in each fraction was dotermined by lUA (26). 

QLS 

FVactions finom SEC were collected directly into cuvettes and ana- 
lyzed within 1 min of elution. QLS was carried out oaseatiaDy aa 
described (8). Measurements wore performed at 26 using a Langley 
Pord ntodel 1097 aufcocorrdotor and Coherent argon ion lasers (model 
Innova 90 or Innova 90-pluaJ operated at 614 nm. 

Electron JIdicroBcopy 
10 /il of sample were applied to carbon-coaied Formvar grids (Elec- 
tron Minoaeopy Science^ Washington, PA) and incubated for 60 s. The 
droplet was then displaced with an equal vcJume of 0.5% (v/v) gtutar- 
aldfihyde solution and incubated for an additional 60 b. The grid then 
was washed with four or five drepa of water and wicked dry. Finally, the 
peptide waa Btainad with 10 of 2% (w/v) uronyl acetate aolutiou (Ted 
Pelia, Inc., Bedding, OA) for 2 mbi. This floluUon was wicked off, and tlie 
grid was air-dried. Samples were examined using a JEOL OtlOO elec- 
tron microscope. To examine insoluble material, pellets of Aj3 were 
suspended in a small volume of buffer and prepared as above. 

Otl Electrophoresis 
SDS-PAOE was carried out on 16.5% Tridne gels aa described by 
Schagger and Von Jagow (27), AliquotB of each chromatographic S-ac- 
tion (20 /J) were mired with 3 X SDS aample bu£Gar (10 fd) and boiled 
for 6 min inomediataly prior to electrophoreaifl. Qels -were silvar-fitaiaed 
using the Bio-Rad ailver stain kit and photographed. 

R2SULTS 

Oligomerization ofA^(l~40) — To monitor digomexizatiDn of 
an analytical method is necesaaiy that can resolve mono- 
merle eoid its aligDiners under nondenaturing^, nondisaggre* 
gating coodltions. We reaBoned tibat SEC Tvould be apiuropriate 
for this piaiTpose. Initial analysis of ppeerumiiibly monomeric 
revealed a single peak witli a molecular wei^t of 10,000 (Table 
I). This uneixpectedly high molecular weight suggested that 
might not be monomeric or was partially excluded from the 
column xnatriz, indicatiiig a nonidfial analyta-matriz intoraetion. 

Because accurate molecular weight determination waa crit- 
ical for the proper interpretation of our eoqieritnents, we deter- 
mined whether the chromatograpliic behavior of vEiried 
depending on column matrix or elution conditions (Table I). 
When Aj3-<1~40) from tbe same peptide lot was dissolved in 
phosphate-buffered saline and chromatographed on Superdex 
75 Cdextran-agaroae), Supecrose 12 (agarofie), or TSK (silica) 
matrices, the relative molecular weight of varied from 
10,000 to 18,000. Similarly, when AjB-(l-40) was disaolvod in 
0,1 M Tris-HCl, pH 7.4, and then analyzed, molecular weighta 
of 9,000-16,000 were observed. Other solvent conditions re- 
Bulted in values ranging from 5,000 to 10,600. One eacpla- 
natton for the variations in AT, was nonideal chromatographic 
behavior of A^. This was cosofirmed in experiments in which 
the elution bu£Eer was modified by addition of ethylene 
gfyool, an agent used to inhibit Bolute-coliunn iuteiwitionB. 
Under these coaditions, a concentration- dependent decrease in 
A3 Mr firom 10,000 to 6,000 was seen. We also found that 
values varied depending on the calibration atandards used. 
Thus, for conBistency, all coliunns were calibrated using the 
BBine five standarda. 

In each experiment, A/5-(l-40) chromatographed as a single 
pealc in the included volume of the coliunn, but because of its 
nonideal behavior, the oligomerizatian state of A^ within these 
peaks was unclear. If noncovaleat multimers composed these 
peaks, then treating with strong denaturants or solvents 
prior to chromatography might disaggregate these complexes 
and reduoe the In fia ct, pr etreatment of A/3 with SDS-PAGE 
sample buffer, MegSO, HFEP, or 90% formic acid, had no oflfect 
on its Af^ Id addition, A^-(40-l), the ^Veverso" peptide of A0- 
(1—40) and one that does not polymerize readily, eo-eluted vdth 
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Table I 

Chrvm atographic properties trfAfi-fl- 40) 
WM chnomatograi^ed op five dlfferaat eise exdusira media, as described under -EMerimontal Proeedurea " Por each fh^ 



Superdcx 7fi (1 X ao cm) 



SepoTfttion 



ElutioD buffQi* 





peak 


CoTTolBtimv 


10,000 




0.98 


low 




0.98 


9,000 




a&6 


B,000 




0.96 


5,000 




0.9 S 


15,000 


+ 


0.61 


14,000 


+ 


0.77 


16,000 




0.79 


12,000 




0.92 


S,000 




0.85 


L8.000 




0.58 


d,ooo 




0.98 


B,000 




1.0 


7,500 




0.98 


5,000 




O.BB 



Superdex 200 (1 X 30 cm) 
Superose 12 (1 X SO cm) 

TSK OSOOOaw <0,7 X 80 cm) 

GSOisf (1 X 28 cnx) 
GSOsf (1 X 28 cm) 
G506f (1 X 47 an) 
GfiOaf (1 X 47 cm) 



3-70 



10-600 
1-300 



6-100 



1.5-30 



PfiS 

FBS, 20% Bucrose 
PBS, 20% MPD 
FBS, 20% eOijiene ^yool 
PBS, 50* otMene glycol 
0.1 M Tria-HOl, pH 7.4 

0.1 u Trifl-HCa, pH 7.4 

0.1 u Tris-Hd, pH 7.4 
PBS 

0.1% trifluarD acetic add 
PBS 

0.1 M TriB-HCl, pH 7.4 
PBS 

50 iTiM ammonium acetate, pB 7.4 



" MPD, 2-methy]-2,4-peataiiedio]; 
NaCL and 60 mm EDTA. 



PBS, phoBphate-bufFered b aline; TBS, Tria-buflared saline; TBSE, 0.02 m Trla-HCl, pH 7.4, contaiiiing 0.1 u 



0 



0.05 



0.03 



0.02 



0.01 




Elutlon votume (ml) 



A^Cl-40) on the Supoidex 75/rri6-HCl system (data not 
ahowii). 

A time-dependent decrease is ihe magnitude of the gel- 
included peak was observed under all oanditianB excunined 
(data not shown). In the Supeztlex 75/TriB-HCl syBtem, ttia 
decrease was accompanied by the appearance of a new peeik. in 



thejgoidvolume^the column (Fig. 1). For linear polymera such 
as dectran, tEIa would he consiatent with a molecular wedifht in 
excees of 30,000. Ta better estimate the size of the aggregates 
in this peak, cbromatograplhy was also performed on Superdex 
200 and Snperose 12 colmnns, which have exclusion limits (for 
dextrans) of 100 kDa. A peah waa obseirved in the void volume 
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Pia. 2. Analyvu of A^ oixe by Samples Included aoluble 

A0-(1-4O) obtained by diaaolution in 0.1 m Tri*-HCn nnd centrlfiigatlon 
for 3 min at 17,000 X ^ CA); the gBt-includfid fraction obtained fcUowing 
SEC of the flupematant from A CB); aprotinin (6,600 Da) tp)- buHer 
alone CD); scOuble A^l-40) foUowing diaaoluiiwi in 0.1 m Tria-HCl, 
incubatiDn at room temperature for 48 h, and centrlfliffation for a min 
nt 17,000 X g (E); end the geL-oxduded firacfctooi obtainsd by SEC of 
A0-(1-4O) tF) prepared aa in Bach JR^ distribution was normaHzBd to 
100% iaxeasity. In A. £, and F, acattarinc faitenuity comea predomi- 
nately fimm polymeric and aggz^eated A^. In B, C, and D, Bcattering 
from the buffer CRh < 0.2 nm; data not shown) aotounte for the remain- 
ing Beatterine, and d^ala at 36 nm are not peptide-related, dnce they 
are present in bnffisr alone. Compariaon of the m^nitudas of inteixaitiefl 
mn ong experimentB is not meaningful. 



of these columns aa well, snggestinff that the Afi multuaers had 
molecular masBes in ezcesa of 100 kPa, or that they too be- 
haved anomalously on SBC. Experiments vLsing A^-(l-42) 
yielded esaentially identical results (data not shown). 

Size Determination cfA0 — To eatimate tlie actual aixea of 
particles in the peaks obtainsd by SEC, QLS was used to 
measure the average dififtision coefficient of the particles. Pax- 
tacle alze is expressed as the radios of a sphere with an Identical 
diffusion coefficient This quantity is termed the hydrodynamic 
radius C/2jy) (for a review, see Ref. 28) and is conceptually 
equivalent to a Stoke's radius in gel permeation chromatogra- 
phy. For spherical particles, = r, where r is the geometric 
radius. For a fibril, Ii„ depends on the length, diameter, and 
flexibility of the particle. is always less dian the radius of 
the sphere circumscribed around the particle. 

Immediately after dissolutiou in Tris-HC31 and ceatrifugation 
(17,000 X ^, 3 min), but prior to SEC> soluble A^(l-40) had an 
average of -40-200 om (Fig. 2A). Because scattering in- 
tenaily is proportional to molecular weight, noonomers and 
small oligDmers can be difficult to detect in the presence of 
larger polymers and aggrogatea. However, by fractianHting the 
A3 mixture using SEC, we observed a gel-included iracdoD, 
with an extrapolated molecular weight of 15,000, which had an 
average of 1.8 it OJ nm(Fig. 2fi). Geometric considerations 
predict that a 4,331-Da peptide in dimeric form will have a Rjg 
« 1.6-2.1 nm. Focr comparison, QLS analysis of aprotinin 
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(6,500 Da) firactionated by SEC yielded an average R„ of 1.6 ± 
0.6 nm (Fig. 2C). Hiese data argue that A^ eideted as a dimer* 
in the gel-inchided fraction, not as a trimer or tetramer as 
suggested by SEC. 

We next sought to determine the size(s) of the A0 oligomers 
In the gel-excluded fraction. To produce suffideat material for 
analysis, A^-(l-40) was incubated for 48 h prior to chmmatog- 
raphy. QLS analysis of the pre-SEC supernatant (17,000 x g) 
revealed a broad distribution of particles sizes (range 4 to > ICQ 
nm) (Fig. Comparison of this distribution with that ob- 
tained from AP immediately after diaaolution (Fig. 2A) shows 
that partidea of intermediate size form during fibrillogeneeiB. 
Dimers were not resolved clearly in this experiment due to the 
predommanoe of larger A)3 ohgomera/polymers, as discussed 
above. QLS analysis of the gel-excluded peak showed that the 
m^ority of intermediate particles ranged in size from -10 to 
50 nm (Pig. 2F). For a solution of noninteracting rods with 
diameters of 8 nm, this range corresponds to lengths of 80-500 
nm. These lengths would be significantly smaller if rod-rod 
interactions were occurring. On the other hand, if the rods were 
Eezible, the lengths would be even larger. 

Taken together, our SEC and QLS data inlicate that the 
gel-induded peak contained dimeric Ap, the ge -excluded peak 
contained a distribution of oligomerfl, and the pellet obtained 
prior to chromatography was comptued of hijEhw molecular 
weight polymers and aggregates. 

Morphology ofAfi Oligomers— To determine 1 he morphology 
of the A^ species observed in the SEC experiiaents, electron 
microscopy was performed. For both A^l-40) uid AP-<l-42), 
no structures were detected in the gel-inchoded I ractions, while* 
the 17,000 X g pellets obtained prior to chiwm itography con- 
tained a mash of fibers 6-10 nm in diameter (F g. 3, A and B). 
These fibers were hidietinguishable from those Eund in senile 
plaques (29). In addition, particularly In the case of A^-Cl-42), 
ah«rt fibrils were seen associated with the longer fibers. Gen- 
erally, one end of each fibril appeared to adhere to the side of a 
fiber, while the other end was firee. Similar fibrils were found in 
the void volume peaks, where they appeared as short, curly 
fibrils 6-10 nm in diameter and 5-160 nm in length, on aver- 
age CRg- S, C and Z». We have termed these structures "pro- 
toifibrils" to distinguish them from the mature, amyloid-type 
fibers found in the pellets. 

Chromatographic Analysis of Seedless A/3 — Low molecular 
weight oligomers (larger than dbuers) were not detected in the 
prior SEC experiments. OUgomerization could be thermody- 
namically unfevcrable or be suppressed kinetically due to rapid 
consumption of precursor by growing fibrils. Fibril formation 
would be accelerated by the presence of pre-oxiBting aggregates 
(seeds) in the starting material. Freshty- prepared solutions of 
A^-(l— 40) did, in fact, contain hi^ molecular weight species 
that might act as seeds (Fig. 2A). To determine if rapid fibril 
fimnation affected A3 oligomerizatioin, w© soxight to eliminate 
seeds prior to our expordmcnts by dissolving A^ in HFIP, ly- 
ophilizing the solutinn, dissolving the lyophilizate in Me^SO, 
and then fUtering the solution through a filter containing 
20-nm pores. Th6 chromatographic behavior of peptides "de- 
seeded" in this way did not differ from that of peptides pre- 
pared without deseeding (data not shown). An included peak 
was observed initially, which was replaced over time by a peak 
in the xoiA volume of the column. These data suggest that 
formation of stable low molecular weight oligomers is a rela- 
tively unfavored procMS. 
High Sejisitivity Monitoring ofAfi Polymerization — Our re- 



' For BimpUdtr, Aj9 within the ffd-indnded peak will be referred to as 
"dimeric." Howav«r, the QL£ data alono do not elinnnate the ptaeibility 
that within this peak is motnomeric 
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(1 ^ml\^f;^!Jl^t^5' '^^'^on^hx^^U^phrotAMl-m, "-I-A^^l-40) w«B added to a freahly prepared solution of AS-(l-40) 



suits suggested thsit, if present, steady state levels of oHgo- 
merio fibril precuraoTs would be caetrBmely low, maMng tlieir 
detection by UV absorbaooe difficult. For this reason, two aen- 
BltiyB methods were utaized to monilxir A^ polymerization: 1) 
radioiodinated peptide, was used aa a tracer in mixtures with 
unlabeled peptide; and 2) SBC firactiona wore assayed for Afi 
content by RtA. Eadioiodinatod A^-{l-dO) ("*I-A^^l-40); 100 
pM final eoncentratian) wm mixBd with unlabeled (1 mg/ml) 
in 0.1 M TriB-HCl, pH 7.4, chromatographed on a Supeidex 75 



colunm, and detected in colvuxm fractionB by BcintiUation count- 
ing. At 0 h, a single peak waa observed coincident with unla- 
beled (Fig. 4). After incubation a;t room temperature for 8 or 
24 h, an additional peak of radioactiviiy waa detected in the 
void volume CPig. 4; at -7.4 ml). The radioactivity and UV 
abflorbanoe of this peak increased at the same rate over time, 
suggesting that the labeled and unlabeled peptides polymer- 
ized ID an analDgoufi manner. 
In the above experiment, given that —33,000 cpm of were 
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used, oligDmerB representing little as 1% of the initial pro- 
tein mass could have been detected. Asymmetry in the vodd and 
dimer peaks, indicated by trailing and ift«nTiTig shoulderSi ^ 
spectively, mirrored the behavior of the unlabeled peptide (c/l 
Figs. 1 and 4). RIA analysia of Ap-(l-40) SBC fractianB pro- 
duced using the same protocol as above yielded results similar 
to those presented in Fig. 4 (data not shownj. Experimenta 
were also performed at much lower A0 concenfcratians by using 
tracer alone; however, belofw 10~* m, recovery of ^I-AjB-C 1-40) 
from Uie column was poor, probably due to nonepeci&c adsorp- 
tion to the column matrix and associated glass and plastic 
surfaces (22, 30). Taken together, these data suggest that al- 
though oligomefric intermediates do exist, they do not accumu- 
late to a significant degree during the polymerization process. 

Kinetics of Protofibril Formation — As a first step to deter- 
mining the key primary structural elements of A0 that control 
the kinetlcB of dimer and profaofibril utilization, comparative 
polymerieation studies were done using Ap.(l-42X AJ3-(l-40), 
and Ap-<l-40) containing the subatitntionB Phe" Pro (31). 
Ala=*^ -t (31y C32)» or Glu== Gin (33). Peptides wer« dissolved 
in Tris-HCi, pH 7.4, at concentrations of 1 mg^ml, incubated for 
up to 24 h, and then their po]3nnerization statea were analyzed 
by SEC on a Superdex 75 column. 

Immediately after dissolution, all samples produced a single 
chromatographic peak with a retention time equivalent to lhat 
ofdimeric wild type A0-<1-4O). The level of the A0-(l«4O>peak 
declined by -20% over 24 h, while the levels of the A^Cl-40)- 
Pro^^ and Ap-(l-40)-Gly** peaks declined <10% (Kg. BA). 
A^(l-42) and A^.(l-40)-ain*" peaks decreased rapidly ini- 
tially, with a "-40% decrease within 1 h, followed by a slower 
decrease down to 20-^30?& of initial levels by 24 h CFig. &A). The 
inverse was observed for the protofibril peaks (Fig. &5). The 
levels of protofibrils prodiieed Ap-(l-40) and A^(l-40)- 
Gly*^ increased -16 and —5%, reapectivoly, over the first 24 h. 
No protofibril peak was detected at 24 h in experiments with 
A^-(1-40)-Pro". In contrast, the levels of pratoHbrils formed 
by A^-(l-42) and A^-(a-40)-Gln*^ increased rapidly within the 
first hour. Peak levels of protofibrils were seen after 8 h for 
A^-(l-42) and after 1 h for Apm-40)-Gln^°, after which these 
levels declined. The continuous decUoe in levels of the included 
peek, coupled with the transitOTy appearance of protofibrils, is 
consistent with the protofibril being an intermediate in A^ 
fibrillogeneaiB. 

SDS-PAGE ofAp Olieomer»—SD8'BtabU, oligomerB have 
been detected previously in media from cultured cells secreting 
Ap (34). To detennine the SDS stability of the oligamers ob- 
served during SEC, peak fractions were analyzed by SDS- 
PAGE. Interestingly, dimer, protofibril (void), ""^ fiber (pellet) 
fractions produced during polymerization of A^(l— 40) all pro- 
duced a single 4-kI>a band (Fig. OA), To identify trace levels of 
oiigomerH, ^I.A^-(l-40) was incuijated with A^-<l-40), and 
the resulting products were characterized autoradiographically 
following gel electrophoresis. A single 4-kDa band was ob- 
served in this experiment as well (data not shown). Electro- 
phoresis of SEC fractions of A^-(l-42) produced a difTerent 
pattern (Fig. QB), Void peak fractionB produced five bands, 
corresponding in mass to monomeric through pentameric A^ 
(Fig. ea, lanes 2-4). The dimer peak of A0-<l-42) ran as a 
single 4.6-kDa baxkd (Fig. Gfi, lanea 5 and 6). Prechromatogre- 
phy peUets (see "Experimental Procedures**), which contained 
folly formed A$ fibers, produced the same five bands as did the 
void peak fractions, phis an occasional gel -excluded bend (Fig. 
fiB. lane 1). These data show that SDS disaggregates Aj9 fibers 
and protofibrils down to monomers, in the case of Aj3-(l-40), or 
to monomers and low molecular weight oligomers, in the case of 
A3-(l-42). 




Fm. 6. Kinetiea of A/3 poLymezizatLon. Aj3 peptides wer« oDowed 
to pobrmerize for 0, 1, 4, 3, and 24 h cmd then were iractianated by SEC 
(see 'Rxperimental Procedures*). Amounts of d imerwi AS (A ) and pro- 
tftfihn'ln are plotted as a percentage of the Wela ab Umo 0, 
were aaaigned a valvte of 100%. Experimente were done in duplicatt:. 
WT, wild typo; PIS, Phe" l>ro; 031, AIk*^ -f Qiy; q2Z, (Hv*^ QLo. 

DISCUSSION 

Accumulating evidence supports the hypothesis that Ap fi- 
hrillogeneeis is a seminal pathogenetic event in AD (36^ 36). 
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Fio. 6. SDS-PAGE aualyHU of BEC fracUons. (A) and 

(fi) were diBsoIved io 0.1 u Tris-HCl, pH 7.4, incubateii 6-4S 
h, and Qien analysed by SBC, u deficrlbed under "Bxpeocimental Fro- 
oedurea." !llie preehram&tqp-ephy pelletB {.lanBa 1\ void peak fradicins 
iUtnea and fractions Ironi the dimer peaks (lonw S-B) were then 
analyzed by SDS-PAGE and silver staining. 

Inhibiting or raveraing fibiillogenesis is thua a logical tihera- 
peutic strategy. The £oal of the eszpeiiments reported here was 
to characteriace, structorally and kinotically, the initial stages 
of fibriUogenesis to identify targets Usr fibriUogenesia inhib- 
itors. We hafVB discovered a potential target, the amyloid pro- 
tofibril^ which appears to be an important intermediate In A^ 
iibrillogeneste. Thia discovery, and the unique consteQataoEXL of 
methods used to achieve It, have ^'^nplicationfl both for our 
nndeistandingf of fibriUogeneeifi and for fhe methodological 
approaches used to study polymerization. 

In OUT SEC studies of A0-(1-4O) polymarization, a single 
peak was observed fioHowing dissolution of lyophilized peptide 
CTalxle D. The of this peak varied from 5 to 18 kDa, depend- 
ing on title solvents and columns used* corresponding fco mono- 
meric to tetramsiic A^. These molecular weight estimations 
and^ in fact, those of other groups uaing SEC (20-23, 37, 38) 
were baaed on calibration curves derived using soluble peptides 
and probeins specially selected for Uieir ideal chromatographic 
behavior. However, we found that A0, under nondenaturing 
oonditionSj did not chromabotgraph ideally. This behavior is not 
uncommon far amphipathic peptides, such as A0, which may 
undergo both electrostatic aiid/or hydropthobie Interactions 
with the column matrix (39). For example, nooideal chromato- 
graphic behavior has recently been reported for both the 
nonamyloid component of AD amyloid C40) and melittin (41). 
Thereibre, to be able to estimate accurately the molecular 
weights, and thus the oligomerization states, of A^ using SBC, 
new standardization methods had to be utilized. 

QLS is a particularly powerful and a pi j rupri ate technique for 
monitoring the sizes of protein polymers in solutioa (for a 
review, see Hef. 28). By coupling SEC with QL5, tiie oligomer- 
ization state of Aj3 wi^ln diflerent chromatographic fractions 
could be estinoated directiy, rapidly, and noninvasively. We 
found that A^(1-4C}) and A0-<l-42) exhibit predominantly 
three forma in aqueous solution: dimer, protofibril, and fiber. 
Motastable oligomers (dimer < Af^ < protofibril) were detected 



using highly sensitive radiochemical and immunological aa- 
saya; however, none accumulated in significant quantities. 
(1-40) and Aj3-(l-42) have been reported to form stable dimers 
(20, 23) as well as high molecular weight polymers (20), al- 
tiiough these latter structures were not characterized- Our 
analysis of protofibril fractions by QLS revealed a R^j dUtribu- 
tion of 10-50 nm. Assuming Ap forma rods with an 8*nm 
average diameter, and recognizing that in polydisperse popu* 
iauoms of polymers the larger particles skew the Rff distribu- 
tion toward higher values, the QLS data were conaiatent with 
protofihrils 30-500 nm Ln length. These estimates were con- 
sistent with results of electron microscopy, which revealed 
curly fibrils 6-10 nm in diameter and rax^ging in length up to 
200 nm. 

An important question arising from the disoovery of the 
protofibril was where it lay in the pathway of Aj3 fibriUogen- 
esis. In an effort to answer this question, SEC was used to 
stu^y the stages and kinetics of Ap fibriUogenesis. In the cases 
of Aj9-(l-42) and A^-Cl-40)-Gln^, dimers predominated ini- 
tially, and then a time-dependent decrease in dimer levels was 
paralleled by an increase in protofibrils. Finally, protofibril 
levels declined as well Radiochemical analyses of SEC frac- 
tions showed that onl jr two diacrate Ap gpedes. dimer and 
p Totofibril. accumulatcc during fibriUogenesis. j lowever, traiP" 
Li^ and leading shoulders associated witii proto^farij and dimer 
peaks, reapecfavely, appeared during fibrillogenesia. In addi- 
tion, an elevated base line was observed between the protofibril 
end dimer peaks. These data are cohsiatent witli a polymeri- 
zation process in which A^ oligomerizes through a aeries of 
short lived intermediates to &rm protofibrils, which act as 
centers for the growth of mature fibecrs. A similar pathway has 
been proposed by Harper et al (42) based on studies of A^ 
pcilymerizatian monitored by atomic force microscopy. 

Hates at dimer utilization and protofibril formaticn varied 
markedly among difEerent A^ species (Fig. G), The differences 
observed agree qualitatively with previous reports indicating 
that gtrpcfairq^ Pt1.^Tpypi+« f^^ fV.p cflTitTTFll ^yi'-^phnhir , snrr 
(Leu^- Ala^'-) and at the COOH terminu s flf A f r^wy W T T'T^g 
in uunUVUuig librillogenesis (7, 11, 43-46). For example, rela- 
tive to wild type A/5-(l-40), both A^-(l-40)-Ghl" and A^-Cl- 
42) polymerize into protofibriia and then into fibers signifi- 
cantly fester. In each case, amino acid substitutdans (Glu^^ — * 
Gin"') or additions (Ile'^-Ala'") produce peptidefl of greater 
hydrophobidtgr, a change that could drive aggregation through 
the hydrophobic ef&act (47). Whether aignificant intramolecular 
or intermolecular staructural changes also contribute to the 
altered kinetics is xmknown. In contrast, A^l-40)-Gly^^ po- 
lymerized more slowly than did wild type peptide, while Ap- 
<1-40)-Pro'^ remained almost completely unpolymerized. Few 
protofibriia were formed by A^-(l-40>-Gly^* after 24 h, and 
none were observed in the Aj3-( 1-40)- Pro" samples. These 
reaulte suggest that glycine and proline alter A^ structure in a 
manner that Inhibits or precludes the self-associations necee- 
sary to produce protofibrils and fibers. This could occur through 
destabilizatkm of structural elements, including oe-halices 
and/or ^trends (48, 49), required for fiber formation. This 
mechanism has been implicated in alterations in /3PP process- 
ing induced by familial AD mutatioas (31, bO) and is consistent 
with prevLouB findings that fibril formation requires fbrnmtion 
of a stable ^-sheet structure (11, 44, 51, 62). 

In addition to SEC, denaturing gel electrophoresis (SDS- 
PAGE) has been used to characterize A^ oligomors (17-20). 
However, on theoretical grotmds (ic. the use of the chaotrope 
SDSO, this technique would be expected to disaggregate nonco- 
valent complexes, li mi ting its usefulness in studies of protein 
aggregation. We examined this issue by comparing results 
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FiQ. 7. Models of fihrfllDCieneaU. A, flbrQlogeneBie ia a 
nudeotion-depeodent polymeriealian procoflfl in which monainaric Ai9 
rorma nuclei isbtp i) from which protofibrils emanate iitep 2) These 
pnrtofibrila grire ri»o to fialMeagth fibera {step 3). B, dimera may form 
nuclei and add to taem or to protofihrila, directly. Howover, dimera 
also be in equilibrium with zmmoiuerB, which mi^ themaelveB act as 
the building blcctu for theae polymeric rtrartures. C, beddee the addi- 
tion of to prdtiiflfaril oada, protofibxilji may give rtoe to matun Ebers 
through simple cnd-to-end amwwling; lateral asaooUtiaD of protofibrila, 
followed by addition to ends; and lateral aaaociatloii fbUowed by 
end-to-eml annealing. D, It is bIbo possible that protaabrfla are incapa- 
ble of fit rmin g fibers directly hut instead aim}^ ptnavide precuraora Tor 
productive pathwaya of fibnUoeonealB. *Vote that Afi and its tdigormn 
and polymen are not drawn to scale, 

cbtained by SEC/QLS with those ftom SDS-PAQE. Fibers, 
protofibrils, and dimexB of AJ3-C1-40) all prodused a single 
-4-kDa band on gels (Pig. 6A). A single band waa elao seen 
with dimeric A^-Cl-42)^ whereaa A^-Cl-42) protofibrilfl and 
fibers produced eaeentiaJly identical ladders of low moleculBr 
weight specijes ranging from monomer to pentamar (Pig. BB). 
These reaulta show clearly that SDS-PAGE data do not reliablj 
reflect the polyniBrlzatioa state of under native conditions. 
However, tiie techniquB may be of uae in the characterisation of 
factors that produce dotergent-stable multamers. 

Modeling A^ FibrUlogeneaU^The structural and kinetic 
analyseB of A^ fibrillogenesia preaented hm revealed the ex- 
ifitence of a praWously unidentified fiber intermediate, the pro- 
fcofibrlL The data extant are consistent witii a number of mod- 
els of protofibril formation and conversion into fibers. Each 
modal posits tihat AjB monomers cximbine to form fibril nuclei 
(Fig. 7A, etep 2\ from which protofibrils emanate by linear 
growth (Pig. 7A, step 2). These protofibrils, in turn, give rise to 
the classical 6-10 -Tim fibers charBcteristic of neuritic plaxjues 
{Tig. 7A. step 3). Daring fibTiHogenesis, Afi dimera accumulate 
initiaUy and then are conaumed as protofihrilB and fibers form. 
These dimere may be invdved directly in etepa 1-3 or may be 
in equilibrium with monomers, wliicb could be the true build- 
ing blocka for nuclei, pxvtofihrils, and/or fibere. A dimer "res- 
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ervoir* could control the monomer concentration and, there- 
fore, the kinetics of fibrillogonosifl in the way micelles control 
fibrillogenesls Mnetics at low pH (8, 63). 

A number of mechanisma may explain the protofibril-^fiber 
transition (Fig. 7BX The simplest is end-to^nd asaocialion of 
protofibrils. This is unlikely, however, because of the kinetic 
barriers associated with the difiiision and proper alignment of 
parotofibril ends. Protofibrils could essociate laterally to form 
^self-templates/ onto which precuTBora (dimexa/monomers) 
could bind and polymerize. Alternatively, lateral association of 
proboiibriis could accelerate end-to- end annealing by fostering 
proper alignment of protofibril ends. It is also possible that 
protofibrils are the end-products of a nonfibrillogenic pathway 
(Fig. 70. In this case, protofibril dissociation would be neces- 
sary to release A3 precaraors into productive pathways of fiber 
formaticm. Experiments are cuirently under way to discrimi- 
nate among these possibilities. Initial results suggest that pro- 
tofihrils self-associate to produce fibers in the absence of low 
molecular weight precursors.^ This mechanism is supported by 
the failure to observe a continuous distribution of fiber lengths 
in the size domain between protofibrils and mature amvloid 
fibora(42).» ^ 

If proto(Shrils are key intermediates m Afi fibrillogeneBis in 
vivoj as they sippear to be m vitro, Ihey would be attractive 
therapeutic targets because 1 ) firbrillogenesiB mediated through 
protofibrils might be pdaoned with as litUe as one or two 
inhibitor molecules per protofibril, and 2) fibriHogenesis inhib- 
itors would function extracellularly. In particular, because the 
therapeutic levels of inhibitor in the plasma or cerebrospinal 
fiuid would be orders of magnitude lower than thoae necessary 
for inhibitors binding to monomeQric Ap, tlie risk of cytotoxic 
side-e£fect6 would sigmficantly decrease. 
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Abstract 

In some families with early-onset Alzheimer's disease (AD) pathogenic mutations have been found in exons 16 and 17 of the 
amyloid precursor protein (APP) gene. One case of schizophrenia has been, described with a mutation ai codon 7 13. We have developed 
[a single strand conformation polymorphism (SSCP) method that detects mutations in these exons and investigated 98 AD cases and 56 
elderiy healthy controls. An earlier reported mutation at codon 7) 3 iin a healthy control and a previously undescribed polymorphism at 
codon 705 in a sporadic case of AD were found. These mutations are probably not related to disease pathogenesis. 

Keywords: Alrheimcr's disease; Schizophrenia; ^-Amyloid; Amyloid precursor protein gene; Chromosome 21; Mutation screening; 
Single strand conformation polymorphism; Chemi luminescence 



The nfturopathological hallmarks of AD are amyloid 
plaques and neurofibrillary tangles; The amyloid in the 
plaques contain a peptide [9} named ^-amyloid, which is 
deiived from the amyloid precursor protein (APP) 
[11*18*^9,30]. The APP gene is situated on chromosome 
21 and consists of 18 exons^ of which parts of exon 16 
and 17 encode the ^-amyloid fragment [31]. 

Disease-causing mirtations have been found in the APP 
gene in some early-onset AD families. At codon 717 three 
different mutations were detected, Val— ►He [6,10,24], 
Val -4 Phe f23] and Val Gly [4] (Table 1). A double- 
mutation at codon 670/671 (Lys ^ Asn and Met ^ Leu) 
was found in a Swedish AD family [19,22]. A point mu- 
tation at codon 693 (Glu Gin) causes the disorder 
*Cerebral haemorrhage with amyloidosis of Dutch type* 
[20] (Table 1). A mutation at codon 692 (Ala Gly) has 
been linked to a slightly different phenotype [13] (Table 
1). One case of schizophrenia has been detected with a 
mutation at codon 713 (Ala Val) [16] (Table 1). Some 
other non-pathogenic base substitutions in exons 16 and 
17 of the APP gene have been reported [1-3,17,27.2832] 
(Table 1). 

* Corresponding pwthor. Tel +46 8 746 55 69; Fax: +46 8 746 52 3S. 



Mutations in exon 16 and 17 of the APP gene arc of 
great imponance in the understanding of the pathogenesis 
of AD. It is essential to find all mutations at this loci and 
to investigate their itequency. Single strand conformation 
polymorphism (SSCP) offers good possibilities for, rapid 
and simple mutation screening. The migration of single- 
stranded DNA in a non-denaturing poly aery 1 amide gel is 
sequence dependent and thus a mutated sequence is de- 
tected as a change of mobility caused by its altered struc- 
ture [26]. Direct DNA sequencing to precisely identify 
the reason for the changed mobility must, however, be 
performed. 

One affected member from 63 AD families and 35 
sporadic AD cases were examined by SSCP. They were 
all diagnosed according to NINCDS-ADRDA criteria 
[21]. We also examined 56 elderly healthy controls origi- 
nating from the Kungsholmen Project [8], who were all 
without signs of dementia as assessed by mini-mental 
state examination [7]. DNA was prepared according to 
standard procedures [14], In order to investigate- the effi- 
ciency of the SSCP method, DNA from carriers of the 
mutations at codons 670/671, 692. 708, 71 K 713, 7I6» the 
two different mutations at codon 693 and the three at 
codon 717 were used as positive controls. 
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Mutations In the APP gene, their effects m the protein level, climcaT pbenotypes snd references 
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Amplification of a 216 bp d^gm&nt containing exon 
16 and a 182 bp fragment containing exon 17 were car- 
ried out simultaneously with the 5' biotinylated primers 1, 
2, 3 and 4 (Table 2). SSCP was performed as follows: the 
PGR product was diluted 1:4 in 1.25% SpS and 12.5 mM 
EDTA (pH 8.0) and mixed 1:1 in stop solution (USB). 
After separating the strands at 94°C for 4 min, the sam- 
ples were cooled on ice and applied to a S% non- 
denaturing polyacrylamide gel (30:0.8 ac:rylamidc/bis) 
using Protogel (National Diagnostics), 10% glycerol and 
Ix TOE. The gel was electrophoresed at 7 W at room 
temperature overnight . Thereafter the DNA was c^illary 
transferred to an Immobi]on^-$ membrane (BioLabs) for 
30 min. The DNA strands were visualised using the Polar 
Flex Chemiluminescent Blotting Kit (BioLabs) and there- 
after an X-ray film was exposed to the membrane for 3-- 
5 min. 



Tabic 2 

Primer sequences used for PGR amplifications ' 



No. Exon Sequence 



1 16 5'-GOG TAG GCTTTGTCT TAG AC'S'" 

2 5'-GGC AAG ACA AAC AGT AGT GG-3'= 

3 17 5*-GTT TTC AAG GTC TTC TTT 00-3'" 

4 S'-GGA AAC ATG CAG TCA AGT TTA C03'« 

5 5'-CCT CAT CCA AAT GTC CCC GTC ATT-3' " 
5'-GCC TAA TTC TCT CAT AGT CTT AAT TCC CAC-3' 



Indicates biotinylaied primen. 



To sequence exon 17 a 319 bp fragment was amplified 
with primers 5 and 6 (Table 2). A second semi-nested 
PCR reaction using primer 5 and the 5' biotinylated 
primer 4 (Table 2) was then performed. Single- stranded 
DNA was. prepared from the second PCR product using 
streptavidine^coated magnetic beads (E>ynabead5) [15] 
and direct DNA sequencing was performed using Se- 
quenase version 2.0 (USB) according to the manufac- 
turer's instructions. The samples were run on a 6% dena- 
turing polyacrylarriide gel. and the sequence was read by 
eye after exposing an X-ray ^Im to the dried gel. 

All positive controls showed extra bands in the SSCP 
(not shown). Extra bands were also seen close to exon 17 
in two of the investigated individuals (Fig, 1). Direct 
DNA sequencing of exon 17 revealed mutations in both. 
One was a previously described C — > T substitution at 
codon 713 CFig. 2A) leading to an amino acid substitution 
(Ala Val). This mutation created a restriction site for 
MaeXB, and digestion with MaeHL further confirmed the 
mutation (not shown). The other was a C — > T substitu- 
tion at codon 705 not previously described (Fig. 2B). 

The sensitivity of .SSCP is dependent on the length of 
the amplified fragment, the temperature, the ionic concen- 
trations and the concentration of the gel matrix. Changing 
these parameters can increase or reduce the separation 
between fragments of nearly identical sequence. The 
possibility of detecting mutations in fragments of sizes 
less than 200 bp is approximately 90%, and for fragments 
up 10 300-350 around 80% [12J. To obtain, a short frag- 
ment of exon 17 we had to use a primer that covered 
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Fig. I . Detection of sequence variations in exon 16 17 by S5CP 
nnikJyKw. A Changed paticm was seen in Inucs 1, 6 and 9. In lone J the 
713 munition U seen, in lane 6 the 70S mutabon is demonstrated and 
lone 9 Rhows on individual with the 670/671 mutation in exon 16, nscd 
as positive control. 

eleven nucleotides in the beginning of the cxon and niu- 
tatiQns at these positions will probably not be delected. 
However* mutations in this part of exon 17 have not been 
reported. 

In this study, the APP 713 mutation was found in a 76- 
year-old healthy individual. It has been reported previ- 
ously in a schizophrenic patient [16], but could not be 
traced back in the family of the patient and has not been 



G A T C 



G A T C 





Rfi. 2. DNA ficqucnce showing a part of exon 17. (A) A C T tranp- 
vEmon at codon 713, changing Ala-* Val, was found in a healthy 
control. <B) A C ^ T Inms vers ion at codon 705, silent at the protein 
level, was found in a case of sporadic AD. 



seen in investigation of at least 295 patients with schizo- 
phrenia [5,25]. Our finding makes it probable that it is 
unrelated to both schizophrenia and Alzheimer^s disease. 
The mutation at codon 705, first described in this investi- 
gation, was silent at the protein level and found in a case 
of sporadic AD. It was not situated within the acceptor or 
donor splice junction of the exon, and it probably not 
involved in mRNA splicing events [31]. This suggests 
that this variant is unrelated to the pathogenesis of the 
disease. We conclude that the SSCP method described in 
this study is well suited to screen for mutations in the 
APP gene. 
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